A single carrier frequency division multiple access (SC-FDMA), is a technique that has a similar performance and essentially the same overall complexity as those of orthogonal frequency division multiple access (OFDMA).In this paper, a strong "energy compaction" property of discrete cosine transform (DCT) is exploiting to enhance the performance of SC-FDMA system. A new SC-FDMA system for uplink wireless transmissions is proposed. The proposed system is based on DCT prior to the OFDMA modulation at the transmitter and reverse operation performed at the receiver. The proposed discrete cosine fourier transform (DCFT) SC-FDMA signal is compared with that of the DFT SC-FDMA and OFDMA signals in terms of bit error rate (BER) and peak-to average power ratio (PAPR). Moreover, the proposed system is compared to a recently introduced DCT SC-FDMA system. Simulation results show that the proposed DCFT SC-FDMA provides a significant improvement in BER performance than the DFT SC-FDMA, OFDMA and DCT SC-FDMA. There is a BER improvement of a gain up to 7 dB compared to OFDMA, 5 dB when compared to DFT SC-FDMA and 3 dB when compared to DCT SC-FDMA. In addition, it is found that the PAPR of the DCFT SC-FDMA signals is lower than that of OFDMA signals. Moreover, the proposed system complexity is comparable with the traditional DCT SC-FDMA.
symbols to frequency domain and IFFT is used to get the time domain signal. Frequency domain equalization (FDE) is used to mitigate the effect of the frequency selective channel. The PAPR and the BER performance of the proposed discrete cosine fourier transform (DCFT) SC-FDMA are studied and compared to DFT SC-FDMA and OFDMA systems. The remainder of this paper is organized as follows. In Section 2, the proposed DCFT SC-FDMA system is presented. In section 3, pulse shaping filters and PAPR are discussed. Section 4 shows the simulation results illustrating the effectiveness of the proposed DCFT SC-FDMA system. Section 5, highlight recently done work is this area of research. Finally, the conclusions and recommendation are given by section 6.
2.The Proposed DCFT SC-FDMA System Model:
The third generation partnership project (3GPP), investigates a modified form of OFDMA for uplink transmissions by the "long-term evolution (LTE)" of cellular systems [11] [12] [13] [14] [15] [16] which is called SC-FDMA. In this section the traditional DFT SC-FDMA and the proposed DCFT SC-FDMA are presented since the proposed system is not studied in the literature. A schematic block diagram of the DFT/DCFT SC-FDMA system is shown in figure 1. At the transmitter, binary input data passes through one of many possible modulation techniques such as QAM, or M-QAM, introducing modulated symbols. A DFT/DCFT operation performed on each block of N symbols. Then, subcarriers are mapped in the frequency domain using one of three types of mapping, localized, interleaving, or distributed mapping to M subcarriers. The inverse DFT is performed on each block of M subcarriers. After that, a cyclic prefix (CP) of Nc symbols is added to the resulting signal. The length of the CP must be greater than the maximum delay spread of the channel to combat the inter-block interference (IBI) [3] . The signal after DFT can be expressed as follows:
where x n is an N × 1 vector containing the modulated data symbols. N is a DFT length. The signal after DCT can be expressed as follows: (2) where x n is the modulated data symbols, and β k given by: 
After the IDFT, the signal can be expressed as follows:
where l X represents the frequency domain samples after subcarrier mapping, M is the IDFT length (number of subcarriers M>N) and m x represents the time symbols after the IDFT. The baseband channel impulse response can, then, be expressed as follows [7, 16] :
where l h and l  are the complex fading and the propogation delay of the l th path respectively, and L is the number of the multipath components of the channel impulse response h(t). At the receiver, the CP is removed from the received signal. An M-point DFT is performed on the received signal, and getting the frequency domain signal. Then, Frequency Domain Equalization (FDE) and subcarrier demapping are performed. An Npoint IDFT/IDCT is performed on the resulting signal. Finally, demodulation is performed. After removing CP, the received signal can be expressed as follows:
where x is an M×1 vector representing the block of the transmitted symbols and r is an M×1 vector representing the received symbols. n is an M×1 vector describing the additive noise. H is an M×M circulant matrix describing the multipath channel and can be expressed as follows [7] :
The circulant H matrix can be efficiently diagonalised by the fast fourier transform ( Ψ ) and inverse fast fourier transform ( 1 − Ψ ). It can be written as follows [7] :
where is an M×M diagonal matrix containing the fast fourier transform of the circulant sequence of H. the FDE complex coefficients ω(m) can be derived according to the minimum mean square (MMSE) criterion as follows [17] :
where SNR is the signal-to-noise ratio. The advantage of the frequency domain equalization is its low of computational complexity. But, it requires insertion of CP which reduces the data rate. 
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2.1.Complexity Evaluation:
One advantage of the proposed DCFT SC-FDMA system is the lower complexity when compared to the DCT SC-FDMA which proposed in [13] especially at the receiver side. Fig.2 shows the block diagram of the DCT DC-FDMA system. The complexity of the FDE for the DCT SC-FDMA is of O(M) compared to O(N) in DFT SC-FDMA and DCFT SC-FDMA system. Moreover, simulation results show that the proposed DCFT SC-FDMA system is of best performance in terms of BER compared to DCT SC-FDMA and DFT SC-FDMA. Thus, the proposed system is of approximately the same complexity as those of the traditional system at the transmitter and the receiver. In addition, if the fast implementation algorithms are taken into consideration, the fast DCT algorithm proposed in [11] can provide fewer computational steps than DFT. This indicates that the complexity of the transmitter and the receiver in the DCFT SC-FDMA system is lower than that in the DFT SC-FDMA system.
2.2.Discrete Cosine Transform:
In DFT, we map the real signal into a complex domain. However, if the input signal has the property of even symmetry, then only cosine series are left. This is the basic idea of another important transform, called DCT, which is widely used in many data compression application, such as JPEG and MPEG standards [12, 18] . On other words, a DCT is a Fourier-related transform similar to the DFT, but using only real numbers. There are several methods to fold the original sequence in order to get a symmetrical data, which leads to different basic functions of DCT. In this work, we only consider the type-II DCT because of its better energy compaction property. In addition, it is the first one discovered and the most popular in practice [18] .
3.PAPR and Pulse Shaping Filters:
PAPR
The PAPR is a measure of the peak-to-average power ratio quoted in dB. A positive PAPR in dB means that we need a power backoff to operate in the linear region of the power amplifier. This reduces the power efficiency of the amplifier and results in a lower mean output power for a given peak power rated device. The PAPR without pulse shaping can be expressed as follows [3, 4] : 
where m is the transmitted signal after the cyclic prefix.
Pulse Shaping Filters
To evaluate the effect of the pulse shaping filter on the HT SC-FDMA system, two pulse shaping filters are considered in this paper, the raised cosine (RC) filter and the root raised cosine (RRC) filter. The impulse response of the raised cosine filter is given by [19] , (9) where α is the roll-off factor, which lies between 0 and 1, and T is the symbol-period. The root raised-cosine filter is an implementation of a low-pass Nyquist filter, which has the property of vestigial symmetry. The impulse response of such a filter is given by [19] : 
Simulation Results
In this section, the performance of the proposed DCFT SC-FDMA system, using perfect channel knowledge, is evaluated by simulations. The Monte Carlo simulation method is used. For the comparison purpose, the DFT SC-FDMA and the OFDMA systems are also simulated. The simulation parameters are tabulated in Table 1 . The convolutional code with memory length 7 and octal generator polynomial (133,171) is used. QPSK and 16-QAM are used. The channel model used for simulations is the vehicular A outdoor channel [20] . It has six Rayleigh fading taps at delays of 0, 310, 710, 1090, 1730 and 2510 ns, with relative powers of 0 dB, -1 dB, -9 dB, -10 dB, -15 dB and -20 dB, respectively. The vehicular A channel has a mobile speed of 120 Km per hour, which corresponds to a Doppler spread of 223 Hz for a carrier frequency of 2 GHz. Fig.3 illustrates the BER performance of the DCFT SC-FDMA system compared to the DFT SC-FDMA and the OFDMA systems, with different subcarriers mapping methods, , the performance gain is about 4 dB for DCFT LFDMA, and about 5 dB for DCFT IFDMA, when it is compared to that of the DFT LFDMA and the DFT IFDMA, respectively. For 16QAM, the performance of the DCFT SC-FDMA system is also better than that of the DFT-SC-FDMA and the OFDMA systems. The performance of the DFT-SC-FDMA system is worse than that of the OFDMA and the DCFT-SC-FDMA systems for 16-QAM. 
4.1.BER Performance
QPSK
16QAM
At a BER=10 -3 , the SNR improvements for the DCFT SC-FDMA system as compared to the DFT SC-FDMA and the OFDMA systems are tabulated in Table 2 . It is clear from the previous figure that the proposed DCFT SC-FDMA system has a significant BER performance enhancement when it compared to the traditional DFT SC-FDMA system and OFDMA system when localized or interleaved subcarrier mapping are used. Fig.4 shows simulation of the proposed system compared to the DCT SC-FDMA system in terms of BER against SNR. It is shown from previous figure the proposed scheme has a significant BER enhancement compared to the DCT SC-FDMA. At BER=0.001, the SNR improvement of DCFT IFDMA compared to DCT IFDMA is 4dB and of 2dB for DCFT LFDMA compared to DCT LFDMA.
PAPR Simulation Results
The complementary cumulative distribution function (CCDF) of the PAPR, which is the probability that PAPR is higher than a certain value, is calculated by Monte Carlo simulations. The CCDF of PAPR for DCFT SC-FDMA, DFT SC-FDMA, and OFDMA No pulse shaping is applied in the case OFDMA. In figure 5 , plots of CCDF of the PAPR for DCFT IFDMA, DCFT LFDMA, and OFDMA are shown with different modulation formats. It is clearly seen that, without pulse shaping, the DCFT IFDMA has lower PAPR than the OFDMA by about 3.75 dB for QPSK and by about 2.25 dB for 16-QAM, while PAPR of DCFT LFDMA is lower than that of OFDMA by about 3 dB for QPSK and by about 2 dB for 16-QAM. With pulse shaping, raised-cosine or root raised-cosine, with roll-off factor of 0.22, it can be seen that the PAPR increases by about 1dB for DCFT IFDMA, whereas the PAPR of the DCFT LFDMA increases by about 0.25dB for QPSK and 0.5 dB for 16-QAM. It is also noted that the PAPR of the DCFT SC-FDMA system depends on the modulation format used. A full comparison of PAPR for different modulation formats at a CCDF=10 -3 is approximately given in Table  3 . From the previous figures, it is shown that for localized mapping with different modulation format and with or without pulse shaping, the DCFT SC-FDMA and DFT SC-FDMA have similar PAPR. Whereas, the DFT IFDMA has lower PAPR compared to DCFT IFDMA. But, they are of lower PAPR than the OFDMA system.
Conclusions
In this paper, a new transceiver scheme of the DFT SC-FDMA was studied. The proposed system is based on, DCT spread OFDMA rather than DFT spread OFDMA. The proposed scheme was verified using simulation that it has a significant performance enhancement over DFT SC-FDMA and OFDMA in terms of BER with a gain factor approaches 5 dB with respect to DFT SC-FDMA and 7 dB when compared to OFDMA with QPSK modulation. In addition, the proposed DCFT SC-FDMA system has best BER than the recently suggested DCT SC-FDMA in [13] and lower complexity especially at the receiver side. Moreover, the proposed DCFT SC-FDMA has lower complexity than DFT SC-FDMA when using fast implementation of DCT. The tradeoff of the proposed system is the higher PAPR of interleaved mapping when compared to DFT IFDMA. But, it also provides lower PAPR compared to OFDMA. 
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